INTRODUCTION
The present-day stress field of Australia is highly variable and unique when compared to other continents (Coblentz et al., 1995; Hillis and Reynolds, 2003; Richardson, 1992; Zoback et al., 1989) . The Australian Stress Map project (ASM) was initiated in 1996 at the University of Adelaide under leadership of Richard Hillis and has been updated three times including the most recent previous public release of the project in 2003 Reynolds, 2000, 2003) . The 2003 release of the ASM was comprised of 549 S Hmax data records and successfully constrained the S Hmax orientation in 16 stress provinces through Australia and Papua New Guinea . In addition, numerous geomechanical-numerical models highlighted that the stress pattern of continental Australia, at the first order, is controlled by complex plate boundary forces around the Indo-Australian Plate (Coblentz et al., 1995; Coblentz et al., 1998; Dyksterhuis et al., 2005; Reynolds et al., 2002 Reynolds et al., , 2003 . However, most of our knowledge on the Australian stress field, prior to this study, was confined to ten mature petroleum basins and there were significant uncertainties on the stress pattern throughout Australia and in other sedimentary basins.
This current phase of the ASM project was started in 2012 to improve our understanding of the stress pattern in parts of the continent that previously had sparse or no published stress data. During the past four years, we compiled a significant amount of new stress data in 20 sedimentary basins across the Australian continent, and present the new release of the ASM with 2140 data records and 30 stress provinces. In particular, we have compiled numerous data from coal seam gas basins of eastern Australia, including the Clarence-Moreton, Gunnedah, Gloucester, Sydney, Surat, Bowen and Galilee basins to investigate the pattern of S Hmax orientation where there was limited stress information prior to this study.
In this paper we present the new release of the ASM and explain the four major trends of S Hmax in the Australian continent. We compare the new stress map of Australia with published geomechanical-numerical models of the Australian stress field and show that the published models are unable to satisfactorily predict the state of stress in most of eastern Australia. We then explain the role of different orders of stress sources on the Australian stress field and highlight that significant localised perturbations of stress exist at different scales due to smaller stress sources, including basement structures, faults, fracture and lithological contrasts.
METHODOLOGY
In this study we compiled and interpreted the in-situ stresses from five well-known methods used by the World Stress Map (WSM) project (Heidbach et al., 2010) to investigate the orientation of S Hmax in the Australian continent from the near surface down to 40 km depth in the lithosphere. The majority of new data are from the interpretation of drilling-related stress indicators, including borehole breakouts and drilling-induced fractures ( Figure 1 ) in 750 mineral, petroleum and geothermal wells. Each stress indicator in the database has been ranked based on the WSM quality ranking system from A to E quality. A-quality data indicate the S Hmax orientation accurate to within ±15°, B-quality to within ±15-20°, C-quality to within ±20-25°, D-quality to within ±25-40° and Equality indicates no reliable information (Heidbach et al., 2010) . In order to determine the regional state of stress throughout the continent, different techniques including definition of stress provinces, wavelength analysis of stress orientation and mapping of stress trajectories have been applied. The new release of the ASM has 30 stress provinces that are located in different sedimentary basins.
CONTINENTAL SCALE PATTERN OF STRESS
Analysis of stress data throughout the Australian continent reveals four major S Hmax orientations across the continental Australia. The mean S Hmax orientation in the northern, northwestern and northeastern Australia is NE-SW. There is a prevailing E-W S Hmax orientation in the Browse Basin in North West Shelf, southern half of Western Australia (Perth and Carnarvon basins) and most studied parts of South Australia (Officer, Cooper-Eromanga, Arckaringa and Darling basins). The mean S Hmax orientation in most parts of eastern Australia is ENE-WSW across many different sedimentary basins, with S Hmax then rotating to NW-SE in southeastern Australia (Gippsland, Bass and Otway/Sorell basins). Statistical analysis (Rayleigh analysis) of the stress provinces shows that the mean S Hmax orientation in 25 provinces is of type 1 or 2 according to the Hillis and Reynolds (2003) classification, and is thus considered highly reliable. The majority of stress provinces in the western half of the continent, as well as southeastern Australia, show low standard deviation. However, most of stress provinces in eastern Australia show higher standard deviation, indicating a higher variability of the S Hmax orientation in these regions. In addition, the Flinders Ranges, Southeast and Southwest Seismogenic zones, which are based on focal mechanism solutions of earthquakes (FMS), show significant deviations of the S Hmax orientation that are probably due to either the standard inherent uncertainty in S Hmax orientation determined from the FMS method McKenzie, 1969) , or due to local stress perturbations generated by neotectonic activity.
CONTROLS ON THE AUSTRALIAN STRESS PATTERN
Various studies on the Australian stress field, coupled with geomechanical-numerical modelling, highlighted that the complex plate boundary forces acting on the Indo-Australian plate provide a first-order control on the pattern of stress in the Australian continent (Coblentz et al., 1995; Coblentz et al., 1998; Dyksterhuis et al., 2005; Reynolds et al., 2002 Reynolds et al., , 2003 . However, recent studies on the stress pattern of eastern Australian basins highlights that the new observational data are not consistent with model predictions (Brooke-Barnett et al., 2015; Rajabi et al., 2016a, b) . For example, Rajabi et al. (2016) highlighted the inconsistency between plate scale models and observational data in NSW, and explained the inability of the previous models to replicate the stress pattern due to lack of model-independent data (for model calibrations) or poor modelling strategies. Although there is poor consistency between published models and the newly observed data in eastern Australia, comparison between the regional stress pattern of stress in the Australian continent and the plate boundary forces around the Indo-Australian plate (Figure 2 ) further confirm the role of plate boundary forces as the first order stress sources for Australia. Thus, this new 2016 ASM dataset further highlights that previous models need to be adjusted in terms of modelling strategy and boundary conditions to fit the stress data in the Australian continent (Rajabi et al., 2016a, b) .
In addition, extensive analysis of borehole image logs in different sedimentary basins reveals variable patterns of stress due to the presence of geological structures. Detailed analysis of borehole image logs in the Clarence-Moreton Basin of NSW revealed the role of faults and fractures in the present-day pattern of S Hmax (Rajabi et al., 2016b) . Basin geometry and basement structures play a critical role in perturbation of stress in the Gunnedah, Bowen and Surat basins (Rajabi et al., 2016a) . Igneous intrusions into sedimentary layers are also important sources of stress perturbation at smaller scales in several basins of eastern Australia (Rajabi et al., 2016b) . Hence, we suggest four orders of stress sources for the pattern of the Australian stress field ( Table 1) that affect the present-day stress orientation at any location.
CONCLUSIONS
The new 2016 release of the ASM database contains 2140 (A-E) data records and 30 stress provinces, and has made significant improvements in characterizing the Australian present-day stress field, both in quality and quantity. Statistical analysis of the stress data shows four major patterns of stress across the Australian continent. The new findings suggest that plate boundary forces and gravitational potential energy are the major controls on the long wavelength stress pattern of the continent, but that local stress sources due to geological structures are also highly significant and can lead to substantial changes in the orientation of the S Hmax at the basin, field and well scale. 
